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“It is not easy to think of any social problem in the 
contemporary world that deserves greater attention 





I.  Introduction 
Chronic undernutrition is widely considered one of the most deplorable 
tribulations of the poverty and misery in which large sections of the population in 
many parts of the world still live. Undernutrition is not only a consequence of 
poverty, however, but also a cause. Although seldom possible to quantify with the 
desirable accuracy, undernutrition reduces the productivity of people directly, and 
also indirectly, by making them more susceptible to illness.
1 Undernutrition, 
especially among young children, also increases the risk of premature death.
2 
Moreover, undernutrition in infancy and childhood for those surviving is linked to 
chronic health problems in adulthood. Undernutrition may also slow down 
cognitive development during childhood and, hence, the accumulation of the            2 
 
human capital that has been demonstrated to be crucial for economic growth and 
poverty alleviation.
3  
In late 1996, heads of states and representatives of governments from 186 
nations gathered at the World Food Summit in Rome to address “the world hunger 
problem”. The summitteers unanimously agreed to reduce by half the absolute 
number of undernourished people in the world before the year 2015. For this 
worthy objective to be accomplished through new policy initiatives, a necessary, 
but far from sufficient, condition is that we know in what countries the “hunger 
problem” is the most prevalent. Otherwise it will be impossible to design and 
target the national and international policy interventions. Moreover, if 
undernourishment is to be halved before 2015, the initial number of 
undernourished must be known, and for monitoring progress, reliable time-series 
data are needed. 
The Food and Agricultural Organisation (FAO) of the UN, which prepared 
the main policy documents for the World Food Summit and convened the event, 
claims to know the number of chronically undernourished. Based on estimates of 
national food “availability” and its distribution across households in most 
developing countries, the FAO
4 purports that altogether 841 million people were 
chronically undernourished in 1990/92.
5 FAO also asserts to know the prevalence 
of undernutrition (POU) in 98 individual countries and that these estimates are 
“fully comparable across countries”.
 6 It ranges from close to nil in South Korea to 
well above 50 per cent in Afghanistan and half a dozen African countries. The 
FAO also claims to know how the POU has changed in the 98 countries since 
1969/71 and that it has appropriate data for monitoring progress towards the 2015 
objective. Since the international community’s efforts to attain this worthy 
objective – and also the monitoring – are to be based on the FAO analysis, its 
reliability is imperative.
7  
In previous work I have demonstrated how fragile the empirical basis is for 
most of the parameter values inserted into the model used by the FAO in its 
pursuit to estimate the POU in various parts of the world.
8 Keeping with the FAO 
model, I have also shown that the POU estimates are highly sensitive to slight 
alterations in these uncertain parameter values. The essence of this earlier work 
was to point out the large margins of uncertainty in the input data used by the            3 
 
FAO, rather than focusing on systematic biases in the estimation model and in the 
data, the objective of this paper.
9 
As has been shown by others, the estimation model used by the FAO has an 
in-built flaw that leads to biased estimates of POU irrespective of the accuracy of 
the data inserted into the calculations. An alternative “unbiased” estimation model 
was first suggested by Sukhatme
10, a former chief statistician at the FAO; his 
model and the current FAO one are briefly replicated in section II below. Naiken, 
the present chief statistician at the FAO, conjectures that the alternative model 
was never used by Sukhatme in empirical work because all the data required were 
not available.
11 Naiken further cites the lack of data as the reason why the FAO 
has not made use of that estimation method.
12 
The first contribution of this paper will be to demonstrate that with the data 
the FAO actually claims to possess, it could very well have used the “unbiased” 
method for the estimation of POU (section III). It will also be shown that when 
applying the “unbiased” estimation model, while using the FAO parameter 
values, the estimated POU becomes implausibly high (section IV). It will further 
be argued that this is a consequence of systematic biases in the parameter values 
inserted by the FAO in its calculations (section V). Re-estimation of the POU, 
applying the “unbiased” model and alternative parameter values that are found to 
be more adequate, suggests that the FAO estimates of POU are upward biased on 
a net basis (section VI). We can hence separate the downward bias induced in the 
FAO estimates of POU by the use of a faulty model and the upward bias induced 
by using inaccurate data for key parameters. The revised (net) lower estimates of 
POU square better with anthropometric observations, the main alternative 
indicators of undernutrition (section VII). On the basis of previous findings, 
suggestions for improvements in the FAO method for estimating POU are offered 
in the concluding section. 
 
II.  Estimation Models and Data Needs 
The essence of how the Sukhatme type of model differs from the one applied by 
the FAO can be described with the help of Figure 1.
13 The common starting point 
is that there is a distribution of per-capita calorie intakes and a distribution of 
minimum per-capita calorie requirements (MPCCR) across households in all            4 
 
populations. The habitual per-capita calorie intake (availability) of households is 
measured along the Y axis with a mean at µy. The households’ MPCCR are 
measured along the X axis with a mean at µx. The MPCCR is what is needed to (i) 
maintain the lowest body weight for given height that is consistent with health 
and (ii) to fuel “necessary” physical activity (elaborated below). The households 
with the lowest MPCCR are the ones with members who have relatively small 
bodies (e.g. young children), and where the adults are engaged in light physical 
work activities. The households at the highest end of the MPCCR distribution 
comprise mostly adults and adolescents and most members are engaged in heavy 
manual work activities. 
That the joint distribution – truncated at the edges and depicted as an ellipse 
– stretches out in the south-west to north-east direction reflects an assumption that 
there is a positive (but not perfect) correlation between per-capita calorie intake 
and minimum requirement across households in the population. The β-line gives 
the regression slope for (y,x). The increasingly closer oval “iso-contures”, as we 
move towards the joint means of µx and µy, indicate that the density of the joint 
function assumes its highest value here. Or the other way around, as we move 
away from the joint mean in different directions, we find increasingly smaller 
percentages of the population. 
 
    (Figure  1  about  here) 
 
A.  POU Estimates with the Joint-Distribution Model 
The households in the joint distribution that are above the 45-degree line in 
Figure 1 have a higher habitual per-capita calorie intake (y) than they require to 
avoid undernutrition (x). That is, for all households (j) in this part of the joint 
distribution, yj > xj. These households are well-nourished in the sense that they 
have body weights and physical activity levels above the minima that are needed 
for health and functions. (Some of these households may be “over-nourished”, i.e. 
being overweight or obese, but this subset is ignored in the following.) The 
households (k) below the 45-degree line have intakes that fail to meet their 
specific MPCCR, signifying that yk < xk. These households are classified as 
undernourished. Quite obviously, the households on the 45-degree line have            5 
 
intakes that exactly match their minimum requirements (yi = xi). The households 
below the 45-degree line, i.e. those in areas c and b (marked with different light 
shades), as a share of the total number of households, constitute what we will call 
an “unbiased” estimate of the prevalence of undernutrition. 
In order to estimate the share of a population that is found in areas c and b 
(and hence obtain an unbiased POU estimate), data are required for all the 
parameters needed to solve the double integral: 
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where (ρ) is the correlation coefficient between household per-capita calorie 
intake and minimum requirement and the two σ’s are the standard deviations in 
the availability and requirement distributions. In the calculations to be carried out 
on the basis of equations (1 to 4) below, it will be assumed that the joint 
distribution is log-normal.
14 (For expository convenience, the distribution in 
Figure 1 was depicted as joint normal.) 
 
B.  POU Estimates with the FAO Model  
The FAO starts out by estimating the per-capita availability of calories (µy) in 
individual countries and the standard deviation in the distribution of the available 
calories across households (σy) in respective country. Subsequently, the FAO sets 
up a norm for what is the “lowest acceptable” MPCCR for all households in 
respective population, called the calorie cut-off point (CCOP). In Figure 1, this            6 
 
cut-off point is δx. All households with a per-capita intake (availability) below 
this point (yk < δx) are classified as undernourished by the FAO. These 
households, corresponding to areas a and c, as a share of the total population, is 
the estimated POU as derived by the FAO. (Area a is marked with heavy shade 
and bounded from above by the horizontal line y = δx and from below by the 45-
degree line indicating y = x.) 
The FAO estimation method hence reduces to solving the single integral: 
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At the face of it, this estimation model may seem less data demanding than the 
joint-distribution method, but as we shall see (in section IV.B), this turns out not 
to be the case. 
From Figure 1 we immediately see that the FAO estimates contain two types 
of errors. The observations in area a are classified as undernourished while in fact 
being well-nourished; these are false positives. The observations in area b are 
classified as well-nourished, but are in fact undernourished; false negatives. If the 
number of false positives and false negatives differ, the POU estimates are either 
downward or upward biased
15. Quite obviously, the relative size of the false 
positive and negatives depends on where the cut-off point is established. 
In the official documents from the FAO there is no mentioning of biases.
16 
Here it is implicitly maintained that the cut-off points have been set at levels that 
ensure that the false positives and negatives are of equal size, and hence 
offsetting, in all countries. Before probing into the empirical validity of this 
possibility, we shall describe – as a stepping stone – how the FAO has derived its 
calorie cut-off points (δx in Figure 1). 
 
III.  The Calorie Cut-Off Points            7 
 
In deriving its calorie cut-off point for a country, the FAO begins by estimating 
the minimum per-capita calorie requirement for the average household (µx) in the 
population. This estimate is derived from the following formula: 
 
  µx = Σαi PALi [BMRi(Wi)], for i = 1.....n age and sex categories.  (6) 
 
BMR is the basal metabolic rate, which is the energy requirement for internal 
body functions during complete rest (sleep), and determined by body weight (W). 
Per kilo of body weight, the BMR is assumed to be identical across populations 
for each age and sex category (i). For adolescents and adults, the “desirable” 
weight (W) is set at the median of the range of body weights (for height) that is 
consistent with good health and physical functioning. This height-adjusted weight 
is derived from a body mass index (BMI) equal to 22.0.
17 PAL is the daily 
average physical activity level for the average (adult) person in the population 
that is compatible with functions and “economically necessary work”. The PAL is 
expressed as a multiple of BMR, which means that if a particular physical activity 
requires an energy expenditure twice that of being asleep, the ensuing PAL is 
equal to 2.0.
18 Finally, the αi are the weights (shares) of different age and sex 
categories in the population in respective country. (The α vector is hence the only 
entity in relation (6) that is allowed to vary across regions/countries.) 
In the first column of Table 1, we find what the FAO has estimated to be the 
MPCCR for the average household (µx ) in the five major geographical regions in 
the developing world. In column (2) we have what the FAO calls the “lowest 
acceptable” per-capita energy requirement, or the cut-off point it uses to delineate 
the undernourished households. The cut-off point (δx) is derived as two standard 
deviations (σx) below the estimated MPCCR for the average household (µx) in 
respective region: 
 
  δx = µx - 2σx.          ( 7 )  
 
We further have that the coefficient of variation is defined as: 
            8 
 
 CVx = σx /µx,            ( 8 )  
 
Substituting (7) into (8) and rearranging we get: 
 
CVx = (1 - δx /µx) / 2         ( 9 )  
 
With the help of equation (9) one can hence put numbers on the distribution of the 
MPCCR that the FAO has worked with (although not published).
19 It then turns 
out (Table 1, column 5) that the FAO has attached a specific value to the CVx 
parameter (0.075), which is the same for each and every region (and country). 
 
    (Table  1  about  here) 
 
Some of the details (but not all) on how the FAO has arrived at the precise 
number attached to the CVx parameter are traceable.
20 It is acknowledged that 
“there is a range of energy requirements for individuals” related to “a range of 
body weights that are consistent with healthy individuals” and “a range physical 
activity levels that may be considered to be economically necessary”.
21 The lower 
limit for body weight for adults, set by the FAO, corresponds to a BMI of 18.5, a 
weight below which health risks have been identified in medical studies. This 
number implies a coefficient of variation in health-consistent body weight of 
about 0.08 (Appendix Table 1). Variations in requirements for other age cohorts, 
i.e. children and old people, may have been considered, but no details have been 
published. 
The energy requirements for physical activity in work have been derived 
from laboratory measures of the average physical activity levels (PAL) needed to 
pursue the kind of job activities that most working-age people in the developing 
countries are engaged in.
22 These estimated averages are subsequently scaled 
down somewhat, to what the FAO on normative grounds finds to be the minimum 
“desirable” work activity for adult individuals in all countries.
23 The implicit 
coefficients of variation in the distribution of work activities are 0.078 for men 
and 0.046 for women. On this basis, the FAO estimates the minimum energy 
requirement during working hours corresponds to a PAL equal to 2.53 for men            9 
 
and 2.57 for women.
24 By weighting the PALs for the different daily activities, the 
FAO arrives at an average PAL over the 24 hours of 1.55 for men and 1.56 for 
women (Appendix Table 1). These numbers are applied world-wide, irrespective 
of inter-country differences in job activities and work productivity. 
 
IV.  “Unbiased” POU Estimates Possible? 
The FAO has refrained from estimating the POU with the joint-probability 
-distribution model, citing the lack of data on certain parameters. In this section 
we shall demonstrate that with the data the FAO actually claims to possess, one 
can derive estimates of POU based on the joint-distribution formula. Comparing 
these “unbiased” estimates with the ones actually derived by the FAO provides an 
indication of the size of the bias induced by the FAO estimation methodology, 
based on calorie cut-off points (while ignoring, for the time being, biases in the 
data). 
 
A.  The Missing Parameters 
The two parameter values which the FAO claims are missing and prevent the use 
of the joint-distribution model are the standard deviation in the inter-household 
MPCCR distribution (σx) and the correlation between intake and minimum 
requirement across households (ρ). As shown by Table 1, the first of these 
parameters (σx), has, in fact, been assigned a specific value by the FAO in its 
pursuit to establish the calorie cut-off points. There are no empirically based data 
on the second parameter (ρ). 
Theoretically, the ρ can assume values in the range (0 ≤ ρ ≤ 1). The zero 
value is obtained when there is no correlation whatsoever between per-capita 
calorie intakes and minimum requirements across households; the value unity is 
obtained when the correlation is perfect. Without presenting definitive numbers, 
the FAO maintains that “a high positive correlation between intake and 
requirement” should be expected
25. This notion is based on the analysis provided 
by an expert committee involved in the preparations for the Fifth World Food 
Survey. The committee argues that the expected correlation should be high 
because “Most people have the ability to select their food intake in accordance 
with their energy requirement over the long term, since it is believed that            10
 
regulatory mechanisms operate to maintain a balance between energy intake and 
energy requirement over long periods of time”.
26 
In the absence of empirically derived values of the correlation coefficient 
(ρ), what we do in the following is to set up a range of “plausible” values. We 
assume, in accordance with the FAO expert committee, that household per-capita 
calorie intake (effective demand) is a function of household minimum calorie 
requirement and other parameters, such as a preference for body weights and 
physical activity levels above the minimum health-consistent ones, and, hence, 
the income needed to satiate these preferences. If the household-specific 
minimum requirements explain 25 per cent of the total inter-household variability 
in habitual intakes in a population, as conventionally measured by adjusted R
2, 
the ensuing ρ takes the value 0.50 (R
2 = ρ
2). If varying minimum requirements 
explain 81 per cent of the variability in habitual intakes, ρ assumes the value 0.90. 
We hence interpret the FAO’s, and the committee’s, expectation that the 
correlation should be “high” to imply that it assumes a value in the range (0.50 ≤ 
ρ ≤ 0.90). 
 
B.  The “Unbiased” POU Estimates 
With the range of plausible values of ρ, we have data for all the parameters 
needed to derive “unbiased” estimates of POU with the aid of the joint-
distribution formula (equation 1). In Table 2 we see that whatever the number 
assigned to ρ in the “high” range (0.50 < ρ < 0.90), the estimated POU for all the 
major geographical regions does not change by more than a few percentage 
points. It also turns out that this robustness carries over to a wider range of ρ 
values (< 0.50). Even under the extreme assumption that there is no correlation 
whatsoever between per-capita intakes and minimum requirements (ρ = 0), the 
“unbiased” estimates of POU remain largely unaltered.
27 
 
    (Table  2  about  here) 
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C.  Comparing FAO with “Unbiased” POU Estimates 
The “unbiased” POU estimates are compared to the estimates derived by the FAO 
(first column), using CCOPs, in Table 3. The numbers in column (2) were 
obtained when we re-estimated POU with the FAO method. The reason for the 
discrepancy between columns (1) and (2) is that the FAO’s regional estimates 
have been derived as weighted averages of estimates for individual countries 
(with the notable exception of Sub-Saharan Africa, which is presumably treated 
as one country by the FAO). Our re-estimates are derived on the basis of 
(aggregate) data for regional averages. We were not able to re-estimate POU the 
way the FAO has done for the simple reason that the country-specific “input” data 
on CCOPs and CVy, used by the FAO, have not been published. The third column 
gives the “unbiased” estimates (for ρ = 0.70), as reported in Table 2. 
 
    (Table  3  about  here) 
 
 
The difference between the numbers in columns (2) and (3) in Table 3 
suggests, first, that the FAO method – relying on CCOPs – leads to 
underestimation of POU in all major geographical regions for given (FAO) input 
data. In terms of Figure 1, this means that the observations in area a (the false 
positives) are much fewer than in area b (the false negatives). The FAO’s implicit 
claim that its POU estimates are unbiased is hence rejected.
28 Moreover, that the 
underestimation is larger for some regions than others implies that the cross-
regional comparability is compromised.
29 
 
V.  Are the FAO Data To Be Trusted? 
The implausible high POU estimates obtained when applying the “unbiased” 
method raises the question whether there is something wrong with FAO input 
data. (Also the non-compatibility between these estimates and the anthropometric 
indicators of undernutrition suggest this; cf. section VII.) In the following, we 
shall briefly discuss some doubts about the accuracy of the FAO’s main 
parameter values. 
            12
 
A.  The Minimum Per-Capita Calorie Requirement for Average Household 
Two of the core assumptions behind the establishment of the MPCCR for the 
average household, as derived by the FAO, are that the median of the range of 
health-consistent body weights corresponds to a BMI of 22.0 and that on average 
people should be able to work with an intensity given by a PAL multiple of 3.0 
during work hours (Appendix Table 1). The first of these assumptions seems to 
square with empirical evidence and is accepted by most physiologists and 
nutritionists. If one accepts the normative justification for establishing standards 
for physical activity, also the second assumption seems non-controversial. 
Two other core assumptions behind the MPCCR for the average household 
(as well as the lower-bound households) as estimated by the FAO are 
questionable, however. These are the assumptions that the BMR per kilo of body 
weight is (i) a constant (ii) of equal size for people of given age and sex in all 
populations. There has been a long and heated debate on the “constancy” issue. 
The FAO has sided with those who claim that the human body’s ability to lower 
metabolism in the wake of low energy intake is too small to be considered. Since 
no widely accepted conclusion has emerged, the FAO position is ambiguous, but 
cannot be proved wrong.
30  
When it comes to the further assumption that BMR/kg is identical across 
populations, however, there is reason to object. Several studies during the 1990s 
have shown that people in the “tropics” have on average about 10 per cent lower 
BMR/kg than people in the “north”.
31 In establishing its calorie norms the FAO 
has used BMR/kg data for northern populations and applied them world-wide. A 
10 per cent lower BMR/kg, and hence MPCCR for the average household, would 
mean (cet par) cut-off points that are equally much lower (cf. equation 6). 
 
B.  The Calorie Requirement Distribution Estimates 
The lower bound of the range of health-consistent body weights for adolescents 
and adults that the FAO uses to derive its cut-off points (BMI = 18.5) is widely 
accepted. The minimum allowance of energy for work (PAL) in the cut-off points 
(see Appendix Table 1) is established on normative grounds that can only be 
challenged by invoking other subjective arguments.            13
 
There is one outright omission in the FAO calculations of the distribution of 
MPCCRs across households, however. As emphasised by Naiken
32, the “FAO has 
adopted an approach that considers the household rather than the individual as the 
unit of assessment” (italics added).
33 It is hence of consequence that one factor 
that has a notable influence on the variance in minimum per-capita calorie 
requirement across households is entirely left out in the FAO estimates: the fact 
that different households have different size and composition in terms of age and 
sex (although Naiken admits that it should not, had data been available). 
There are, unfortunately, no ready-to-use estimates of the composition of 
households according to age, sex and size in the various countries of the world. 
What we shall do is to estimate the per-capita BMR and MPCCR for a few 
“typical” household categories with different size and age structures. For each 
household category, two sets of per-capita BMR and MPCCR estimates are 
derived (Table 4). One set is derived on the basis of BMR data used by the FAO 
itself.
34 The other set is estimated as 90 per cent of these, so as to account for the 
observation that people in the “tropics” have lower BMR/kg than northerners (the 
latter estimates are in italics). 
 
(Table 4 about here) 
 
The household categories with the lowest per-capita BMR, and hence 
MPCCR, are those with a young profile (categories A to D), comprising one or 
two adults and a few young children (with small bodies). The MPCCR estimates 
for these households are well below the FAO cut-off points at around 1,800. In 
the other tail of the requirement distribution, there are households with an “old” 
composition, with mainly adults and adolescents (category M), with a MPCCR 
well above the FAO norm. 
What the examples in Table 4 reveal are that differences in household 
composition and size induce significant differences in per-capita calorie 
requirement for BMR (and hence MPCCR). It should further be noted that 
“young” households (categories A to D), with household heads (parents) in their 
twenties and children predominantly below the age of 10, comprise between 35 
and 45 per cent of all households in the typical South Asian and African country.
35            14
 
 
C.  The Calorie Availability Distribution Estimates 
The FAO has estimated the distribution of “available” calories across households 
with methods that differ from country to country depending on the kind of data 
obtainable: household expenditure surveys, estimates of household income 
distribution and, as the crudest method when all data are lacking, extrapolations 
from “neighbouring countries”.
36 The country-specific CVy estimates are not 
published, but the regional-average estimates are almost identical and hover 
around 0.30.
37 
The lack of alternative data prevents re-estimation of the regional CVy 
parameters. What we can do is to “test” the plausibility of the availability 
distributions as estimated by the FAO. The lower (about 5 per cent) “tails” of the 
FAO household per-capita calorie availability distributions, by major 
geographical regions, are shown in Table 5.A. What the numbers in column (2) 
tell us is that in Sub-Saharan Africa and in South Asia (with CVy ≈ 0.30 as 
suggested by the FAO), the households in the lower tail of the distribution have 
an availability (intake) of calories of 820 respective 920 per capita and day on a 
habitual basis (the availability estimates are derived by the FAO as three-year 
averages). 
 
(Table 5 about here) 
 
It is doubtful whether a habitual per-capita intake of 820-920 calories is 
feasible in a living household. These intakes are roughly half of the number of 
calories (about 1,800) that the FAO considers to be the minimum required to 
maintain the lowest body weight that is consistent with health (BMI = 18.5) and 
relatively light daily physical activity (PAL ≈ 1.56). More importantly, 
acknowledging that minimum requirements vary with household size and 
composition, an intake of 820 calories is only about two-thirds of the MPCCR as 
estimated for the household category with the lowest requirement (category A in 
Table 4), at 1,215 calories. Two-thirds of this MPCCR is only sufficient to 
maintain a BMI of about 12.4 (=0.67 x 18.5) and a PAL of 1.38 (=1+ 0.67 x 0.56)            15
 
for adolescents and adults. It also implies body weights for age of young children 
about two-thirds of the “normal”. 
Clinical examinations have found that the critical low weight for height at 
which death occurs in adolescents and adults corresponds to a BMI of about 11 
for males and 13 for females.
38 The lowest daily physical activity level that is 
consistent with life at complete rest, called the “short-term survival requirement”, 
is a PAL of about 1.27.
39 Young children with only about 60-70 per cent of the 
norm weight have been estimated to face a mortality risk that is five to six times 
the average in African and South Asian child populations, which means that the 
risk approaches unity.
40 
If it were that the (five per cent) households in the lowest tail of the intake 
distribution only have a habitual intake of 820-920 calories per capita and day 
(over a three-year period), we would witness permanent famine in Sub-Saharan 
Africa and South Asia. That is, tens of millions of people would die from outright 
starvation each year unrelated to war and natural catastrophes. Since there is no 
empirical evidence to support such a gruesome corollary, we tentatively conclude 
that the FAO has overestimated the inter-household variance in household 
intakes, at least in these two regions.
41 
 
D.  The National Per-Capita Calorie Availability Estimates 
An alternative or supplementary explanation for the implausible low calorie 
intakes in the lower tail of the intake distribution, especially in Sub-Saharan 
Africa and South Asia, is that the per-capita availability of calories in these two 
regions (and possibly elsewhere) has been underestimated by the FAO. For the 
African countries it has been demonstrated that this is most likely the case.
42 The 
main reason is that very primitive methods for the enumeration of crop acreage 
are used throughout the region. This explanation does not carry over to South 
Asia, however. In fact, it was the examination of the introduction of modern crop 
estimation methods in this region which revealed that the primitive methods used 
here earlier (and still applied throughout Africa) led to the underestimation of 
cereal production by 20-25 per cent on average.
43 
There is reason to expect that food “availability” is underestimated in most 
parts of the developing world, although less so than in Africa. A substantial share            16
 
of the food produced in almost all developing countries is for subsistence, which 
tend to be underestimated in official statistics world-wide.
44 A related problem is 
that minor food items in all countries, such as fruits, vegetables and poultry, are 
incompletely or not at all covered in the FAO statistics (as acknowledged in the 
Food Production Yearbooks in small print). There are, however, no quantitative 
data available that can help us put numbers on these biases and no reliable method 
for checking their consistency.
45 We therefore choose the most cautious option 
possible: we accept the FAO food availability estimates at face value in the re-
estimations of POU in the next section. It should be noted, though, that 
underestimation of food (calorie) supplies, even if it defies quantification, in 
terms of direction, unambiguously leads to overestimation of POU (cet par). 
 
VI.  Re-Estimates of POU with Alternative Parameter Values 
In this section we re-estimate the POU with both the FAO and the joint-
distribution methods, but using alternative values of the main parameters. 
Acknowledging that people in the “tropics” have repeatedly been estimated to 
have a 10 per cent lower BMR/kg than Caucasians, we presume that the minimum 
per-capita calorie requirement for the average household (µx) is 10 per cent lower 
than asserted by the FAO. The revised estimates will further be based on the 
hypothesis that the FAO has overestimated the inter-household variability in per-
capita calorie availability (CVy) and underestimated the variability in per-capita 
calorie requirement (CVx). This means that only one of the four main parameters 
in the FAO estimations, national per-capita calorie availability (µy), is left 
unaltered. 
 
A.  The Alternative Distribution Parameter Values 
The CVy parameter is assumed to take two alternative values, 0.25 and 0.20, 
respectively. These are below the value assigned to this parameter by the FAO (≈ 
0.30), which was found to produce habitual intakes in the lower tail of the 
distribution that seem impossible in living households, at least in Africa and 
South Asia. The alternative numbers are not very solid but have some empirical 
support. IFPRI researchers have derived CVy estimates with relatively reliable 
methods in samples from five countries. For four of the samples, the estimated            17
 
CVy’s are in the 0.17 to 0.27 range and the five-sample average is 0.256, which is 
approximately equal to the higher of the two alternative values suggested here. 
The FAO itself has estimated CVy for other countries with much cruder methods 
(see above), but not published the results. Some of these estimates evidently 
turned out implausibly large or small, which the FAO has “rectified” by 
truncating them to be in the 0.20 to 0.35 range.
46 It is notable that the two 
alternative CVy values are within this range.  
The CVx parameter is also assigned two alternative values, 0.125 and 0.15, 
respectively. That these values are higher than the uniform value of CVx (0.075) 
from the FAO is to account for the fact that the FAO has ignored inter-household 
variation in MPCCR due to differences in household size and age/sex 
composition. The highest alternative value of CVx (0.15), together with a 90 per 
cent of the µx value, produce calorie-cut off points (Table 5.B) that are some 10 to 
20 per cent higher than the estimated MPCCR for the households with the lowest 
requirements (Category A in Table 4).
47 These cut-off points square with the FAO 




B.  Re-Estimation of POU with Alternative Parameter Values 
We first re-estimate POU with the FAO method, relying on cut-off points, but 
applying the alternative values of the key parameters (Table 6, panel A). The first 
set of revised estimates (column 2) suggests that the POU is practically non-
existent in three of the five major regions and 14 and 8 per cent in Sub-Saharan 
Africa and South Asia. The second set of revised estimates, based on parameter 
values somewhat further from the FAO ones (column 3), shows the POU ranging 
from 1 to 9 per cent in the five regions. 
The POU estimates based on the joint-distribution method, and the 
alternative parameter values, are reported in Table 6.B (columns 2 and 3). Also 
these estimates are considerably below the ones derived with this method when 
based on the FAO input data (column 1).
49 This applies also to Sub-Saharan 
Africa, although the estimated POU here is less sensitive to alternative parameter 
values than for other regions.
50 The overall conclusion is hence that when 
empirically more reasonable values are attached to the key parameters, the            18
 
estimated POU world-wide becomes considerably lower than purported by the 
FAO. This is so with both estimation methods. 
 
 
(Table 6 about here)  
 
 
VII.  Comparison with Anthropometric Indicators 
 
A.  Anthropometric Measurements and Norms 
The shares of people who have weights and heights below established 
anthropometric norms are the main alternative indicators of the nutritional (and 
health) status of a population that can be used to check the trustworthiness of the 
FAO estimates of POU. The most commonly applied anthropometric indicators 
for pre-school children are the percentages below two standard deviations (-2sd) 
of the median height-for-age (H/A), weight-for-height (W/H), and weight-for-age 
(W/A) in a reference (norm) population. For adult women (aged 20-49 years), the 
most frequently used anthropometric indicators are the shares that have a body 
mass index (as defined in n. 17) below 18.5 and a height short of 1.45 meters. 
(For adult men, no widely agreed norms exist.) Since growth in stature ceases 
around the age of 20 independent of nutrition, however, height reveals practically 
nothing about an adult person’s nutritional status (neither acute nor chronic), the 
concern here. The height of adult persons only indicate their historical nutritional 
and health status (during childhood and adolescence). 
 
B.  Expected Correspondence between POU and Anthropometric Status 
In the absence of measurement biases, one would expect the share of young 
children in a country who are stunted (below the height-for-age norm) to be 
consistently higher than a POU estimate derived from national per-capita calorie 
availability. This expectation stems from the fact that inadequate access to 
calories is only one of many reasons behind child growth faltering. Other main 
reasons are frequent, prolonged and untreated illness that reduces the appetite and 
the absorption of nutrients in the body, and/or intestinal parasites that divert the            19
 
energy. Also malnutrition (lack of crucial micro-nutrients in the form of minerals, 
vitamins and proteins) as well as physically and mentally depriving environments 
prevent children from fully utilising the energy in the food they ingest and to 
thwart growth in stature.
51 
The correspondence between estimates of POU in a country/region and 
the share of its population that is wasted (low weight for height) by 
anthropometric standards is of special concern. As we have seen in section III 
above, the lowest body weights that are health-consistent constitute the core 
determinants of the calorie cut-off points that the FAO sets up. What the FAO’s 
estimates of POU basically measure is hence the share of the households in a 
particular country/region that has a habitual per-capita calorie intake which is 
insufficient to cover the energy expenditures (BMR) needed to maintain above-
norm body weights for the household members. One thus expects that direct 
anthropometric assessment of people’s body weight in representative sample 
populations in a country/region should find  on average  roughly the same 
percentages to be wasted as predicted by the POU estimates. 
 
C.  The Empirical Picture 
Estimates of the anthropometric status of young children and adult women in the 
major geographical regions are reported in Table 7 for the early 1990s. The 
hypothesis that the share of children who are stunted (column 2) is higher than the 
POU estimates from the FAO (column 1) is corroborated by the data for most of 
the regions. The only exception is Sub-Saharan Africa, the region for which the 
POU estimate is by far the highest. This abnormality strengthen our earlier 
suspicion that the FAO’s estimate of POU for Africa is especially questionable 
(too high), mainly because its per-capita calorie-supply estimate for this particular 
region is more downward biased than elsewhere (cf. section V.D). 
 
   (Table  7  about  here) 
 
The estimated shares of young children and adult women who are wasted, 
as reported in Table 7, are averages for a large number of representative sample 
populations in respective region (there are a few exceptions that we will return to            20
 
below). Most of these estimated averages are completely at odds with the POU 
estimates from the FAO. The estimated shares of children below the weight-for-
height norm are 3 to 17 per cent in the five regions (column 3), all notably lower 
than the estimates of POU. The shares of adult women with a BMI<18.5 are also 
considerably lower than the POU estimates for most of the regions. Only for 
South Asia, where more than half the women are below the BMI norm, the 
opposite holds. The exceptionally poor anthropometric status of women in South 
Asia as compared to the other regions has yet to be convincingly explained.
52 
 
D.  What Explains the Incongruity? 
The observation that the POU estimates are considerably higher than the 
estimated shares of wasted children and adult women in almost all the regions has 
two possible explanations. The first is that at least one set of estimates is biased. 
The other is that the two measurement approaches are non-comparable in some 
way.  
We have previously argued that the POU estimates from the FAO are 
generally upward biased. The anthropometric estimates are reliable in the sense 
that they are obtained with small measurement errors and biases.
53 Moreover, the 
estimates for young children are based on sufficiently large and numerous 
samples to ensure that they are representative for respective region. The latter also 
holds for the estimates of adult women in some of the regions (but not East & 
Southeast Asia and the Middle East & North Africa; see note b in Table 7). There 
is thus little reason to think that the anthropometric indicators are generally biased 
or non-representative.  
There are problems with comparability, however. First, the comparison 
between the POU estimates and the shares of wasted children is distorted by the 
fact that different weight norms for young children have been used. In deriving its 
calorie-cut-off points, the FAO uses the median value of weight-for-age range in a 
US reference population as the norm for children. The weight-for-age norms used 
in the anthropometric assessments are 2 standard deviations below the median 
values, or about 15-20 per cent lower. Had the FAO used the anthropometric 
weight norms for children, their calorie cut-off-points (cet par) would have been 
somewhat smaller and the estimated POU between 2 and 10 percentage points            21
 
lower in the various regions.
54 It would still be difficult to reconcile revised POU 
estimates of these orders with the incidence of child wasting, especially in Sub-
Saharan Africa and Latin America.  
The discrepancy between the POU estimates from the FAO and the 
estimated shares of wasted adult women is unrelated to body-weight norms. The 
POU estimates as we have seen in section III above and the direct 
anthropometric estimates are derived from exactly the same weight norm for 
adults (BMI=18.5). It is hence notable that the “indirect” FAO estimates of the 
share of the population with weight failure, are almost four times higher than the 
direct anthropometric estimates of the share of wasted adult women in Sub-
Saharan Africa and Latin America & Caribbean.
55 
There are, however, two other complications that have to be addressed. 
One is that there are no anthropometric estimates for adult men. The conventional 
view is that women are the chief victims of undernutrition. Hence, the 
anthropometric indicators for the two sexes combined ought to be lower than for 
women alone. If so, the gap between the POU estimates and incidence of adult 
wasting would be even larger when also men are included.
56  
The other complication is that anthropometric assessments of body weight 
reveal nothing about the physical activity that people exert. The calorie-cut-off 
points behind the POU estimates, as we have seen, allow for the energy 
expenditure for light physical activity. It may hence be that the great majority of 
adult women in Sub-Saharan Africa and Latin America have a calorie intake 
sufficient to have body weights above the anthropometric norm, but not to expend 
enough energy in work and other physical activities to stay healthy. Considering 
that the estimated work-force participation rates for women (mainly in 
agriculture) in these two regions are comparatively high,
57 the probability that 
physical inactivity is a main explanation for the discrepancy between the indirect 
(POU) and direct estimates of women weight failure seems low. 
All in all, the observation that the anthropometric indicators of the 
prevalence of wasting among young children and adult women are generally 
much lower than the POU estimates from the FAO is not the definitive proof that 
the latter are upward biased. There are, as discussed above, unresolved issues 
concerning comparability. What we can ascertain for sure, however, is that the            22
 
direction in the discrepancies does not contradict our earlier conclusion that the 
FAO has generally overestimated the prevalence of undernutrition. The 
anthropometric estimates are also in general more in line with the alternative POU 
estimates derived here (table 6, panel B). 
 
VIII.  Summary and Conclusions  
The estimates of the prevalence of undernutrition in the world from the FAO form 
the empirical basis for the recent initiative to reduce the number of 
undernourished people by half before the year 2015. These estimates are derived 
from a model that has an in-built bias, which has been pointed out since long
58, 
the use of which the FAO justifies by lack of crucial data. The first contribution in 
this paper is the demonstration that the FAO has, de facto, assigned a number to 
the critical “missing” parameter when constructing its cut-off points. It was 
further shown that with a number on this parameter, the FAO could have used the 
alternative, joint-distribution, estimation method, which produce “unbiased” 
estimates of POU (since the second missing parameter turns out to be of 
minuscule quantitative importance). The application of this alternative model – 
while still keeping with the FAO food-supply-based approach and basic data – 
suggests a notably higher incidence of undernutrition than reported by the FAO. 
We were hence able to put numbers on the (downward) bias in the estimated POU 
in the world, induced by the estimation method used by the FAO ( see Table 3). 
We also found reason to doubt most values of the key parameter that the 
FAO has inserted in its estimations, however. First, the FAO has failed to 
recognise that physiologists since the early 1990s have revised their estimates of 
BMR/kg for people in the “tropics” downward by about 10 per cent. Second, the 
FAO has ignored the fact that household per-capita calorie requirement for BMR 
(and hence MPCCR) varies across households due to differences in size and age 
composition. Third, the FAO must have overestimated the variance in the calorie-
availability distribution across households as the ensuing habitual intakes in the 
lower tail are impossibly low in living households. The POU was therefore re-
estimated with both the FAO and the alternative model, using other parameter 
values that square better with empirical observations and/or are more plausible. 
The estimated POU then fell drastically in most regions (see Table 6).            23
 
Comparing the original POU estimates from the FAO with the revised ones, 
based on the alternative model and data, gives an indication of the net effect of the 
two biases in the POU estimates. That is, the underestimation induced by the use 
of the cut-off-point method and the overestimation due to inadequate data. This 
comparison indicates a relatively small net overestimation in Sub-Saharan Africa, 
but substantial overestimation in the other regions by the FAO (Table 6.B). The 
overall conclusion is hence that, on a net basis, the FAO has overestimated the 
POU in the world, although unevenly so, signifying that also the comparability 
across regions (and presumably individual countries) has been compromised. The 
revised POU estimates are also more compatible with anthropometric indicators 
for most regions, which further strengthen the notion that the FAO estimates are 
generally too high. 
The revised POU estimates must nevertheless be interpreted cautiously. One 
reason is that the (uniform) alternative values attached to the two distribution 
parameters (CVy and CVx) are not sufficiently well founded empirically. 
Moreover, for the lack of alternative data, we have used the FAO national per-
capita calorie availability estimates (µy). These estimates contain large margins of 
error, it is widely agreed. However, if the FAO calorie supply estimates are 
systematically biased, it is on the downward side, especially in Sub-Saharan 
Africa
59. In that case, also the revised POU estimates reported in Table 6 are on 
the high side. 
What the above exercises demonstrate is, above all, that the POU estimates 
provided by FAO are much too unreliable for directing policy in any meaningful 
way, or for simply providing an acceptably accurate “map” of the prevalence of 
undernutrition in various parts of the world. The main contribution of this article 
is hence not the particular revised estimates of POU that have been derived. The 
main contributions are the demonstrations of (1) how sensitive the POU estimates 
are to the choice of (a biased) estimation model; (2) how brittle or unsubstantiated 
the empirical bases are for key parameter values; and (3) how fragile the 
estimated POU is for slight variations in these uncertain parameter values 
(irrespective of estimation method). 
By undertaking the numerical exercises, we have also shed light on what has 
to be done in order to improve the estimation method and data collection. First,            24
 
the FAO has to replace the present calorie-cut-off-point model, which is 
inherently biased, with the joint-distribution model. Second, the FAO has to start 
collecting more complete and reliable data on the key parameters in that model. 
The least costly and time-consuming improvements would be to lower the BMR 
estimates in accordance with recent findings and to undertake estimates of inter-
household variance in MPCCR due to differences in age structure and size. To 
improve the estimates of national food (calorie) supplies and their distribution 
over households would be more costly and take longer time. 
If the objective to reduce by half the absolute number of undernourished 
people in the world before the year 2015 is taken seriously, and new policies are 
to be initiated, the international community simply must have more detailed and 
reliable information on where the undernourished are, who they are, and how 
many they are.
60 Reliable indicators of undernutrition are not needed only for 
directing and designing interventions, however. Equally important, we need 
accurate measurements if we shall be able to find out to what extent 
undernutrition at the level of countries affects economic growth and poverty 
reduction negatively. If it can be convincingly demonstrated that undernutrition – 
like poor health and low educational attainment – is a significant and independent 
barrier to growth in poor countries, it may become easier to mobilise political 
(financial) support for its alleviation than if motivated on humanitarian grounds 
only. 
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TABLE 1 
DERIVATION OF THE IMPLICIT COEFFICIENT OF VARIATION IN INTER-HOUSEHOLD PER-
CAPITA CALORIE REQUIREMENT DISTRIBUTION (CVX) USED IN THE FAO ESTIMATES OF 



















  µx  δx 2  σx  σx  CVx 
Region 
 







Sub-Saharan Africa  2,100  1,800  300  150  0.075 
Near East & North Africa  2,150  1,840  310  155  0.075 
East & Southeast Asia  2,220  1,880  340  170  0.075 
South Asia  2,110  1,790  320  160  0.075 
Latin America & Caribbean  2,200  1,870  330  165  0.075 
 
SOURCE.– Columns (1) and (2) are from FAO, The 6
th World Food Survey (Rome, 1996: 
Table 16). 
NOTES.–a) Number of calories per-capita and day for households; b) Dividing column (4) 
with column (1) gives CVx's that differ on the third decimal points because the FAO has 
rounded off the values of µx and δx to even 10-numbers. A quick check reveals that 
“imagined” non-rounded numbers attached to these two entities, are consistent with a 
uniform CVx of 0.075 for all five regions. 
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TABLE 2 
ROBUSTNESS TEST OF UNBIASED ESTIMATES OF POU TO VARIATION IN THE CORRELATION 
COEFFICIENT, BY MAJOR GEOGRAPHICAL REGIONS, IN 1990/92 (PER CENT) 
 
  Assumed Range of Correlation Coefficient (ρ) 
  0.00 0.40 0.50 0.60 0.70 0.80 0.90 
Region  (1) (2) (3) (4) (5) (6) (7) 
  
  Estimated Prevalence of Undernutrition (per cent) 
Sub-Saharan Africa
a)  56 57 57 57 57 58 58 
Near East & North Africa  27  25  24  24  23  22  21 
East  &  Southeast  Asia  36 35 34 33 33 32 31 
South  Asia  46 46 46 46 46 45 45 
Latin  America  &  Caribbean  34 32 32 31 31 30 29 
 
SOURCE.–Estimates based on the joint-distribution method and FAO data (see text). 
NOTE.–a) It should be noted that when ρ assumes increasingly higher values, the 
estimated POU for the Sub-Saharan African region increases marginally, but declines in 
the other four regions. The reason for this is that for Sub-Saharan Africa, the FAO 
estimates of per-capita availability of calories is below the estimated average per-capita 
calorie requirement (µy < µx), while the opposite holds in the other regions (see Table 5 
below).            27
 
TABLE 3 
COMPARISON BETWEEN FAO AND “UNBIASED” ESTIMATES OF POU, BY MAJOR 
GEOGRAPHICAL REGIONS, IN 1990/92 (PER CENT) 
 
  Estimates based on 
FAO calorie norms  
(a + c in Figure 1) 
Unbiased 
estimates
(b + c) 
Percentage Point 
Bias 




Sub-Saharan Africa  43  43  57  - 14  - 14 
Near East & North Africa  12  17  23  - 11  - 6 
East & Southeast Asia  16  22  33  - 17  - 11 
South Asia  22  32  46  - 24  - 14 
Latin America & Caribbean  15  21  31  - 16  - 10 
 
SOURCES.–The numbers in column (1) are from the FAO, The 6
th World Food Survey 
(Rome, 1996: Table 14). The numbers in column (2) were obtained when POU was re-
estimated with the FAO method (see text). The numbers in column (3) are from Table 2 
above (for ρ = 0.70).            28
 
TABLE 4 
EXAMPLES OF ESTIMATED PER-CAPITA CALORIE REQUIREMENT FOR BMR AND MPCCR 









 No.  Adults
b) No.  Children
c) FAO  FAO 
  1  2  1 2 3 4 Alt.
e)  Alt.
e) 
A. One adult and two 
children aged 1 and 4 




B. Two adults and two 
children aged 1 and 4 




C. One adult and four 
children aged 1,4,7,10 




D. Two adults and four 
children aged 1,4,7,10 




..              
M. Two adults and four 
children/adolescents 
aged 10,13,16,19  





SOURCE.–All base data on BMR/kilo of body weight are from FAO/WHO/UNU, Energy 
and Protein Requirements (Technical Report Series, 724, WHO, Geneva, 1985), as 
replicated in Appendix Table 3. 
 NOTES.–a) Average for males and females; b) The BMR for adults has been calculated 
from a BMI = 18.5 for a given height of 168/157 cm for males/females; c) The BMR for 
children below the age of 10 has been derived from normal body weights in reference 
population and the BMR for adolescents has been derived from a BMI = 18.5 and heights 
equal to normal height for age in the reference population; d) MPCCR = 1.56 times 
BMR/capita; e) The number in italics in this column are 90 per cent of the values derived 
on the basis of FAO/WHO/UNU (1985, ibid.) data.            29
 
TABLE 5 
ESTIMATED LOWER BOUND PER-CAPITA CALORIE AVAILABILITY AND MPCCR FOR 
DIFFERENT COMBINATIONS OF PARAMETER VALUES, BY MAJOR GEOGRAPHICAL REGIONS, 
IN 1990/92 
 
    A. Per-capita calorie availability in low tail 
  µy  CVy 
Region   0.30  0.25  0.20 




Sub-Saharan Africa  2,040  820  1,020  1,225 
Near East & North Africa  2,960  1,185  1,480  1,775 
East & Southeast Asia  2,680  1,070  1,340  1,610 
South Asia  2,290  920  1,145  1,375 
Latin America & Caribbean  2,740  1,150  1,370  1,645 
    
    B. Minimum per-capita calorie requirement 
(MPCCR) in low tail 
  µx  CVx 
Region   0.075  0.125  0.15 




Sub-Saharan Africa  2,100  1,800  1,420  1,325 
Near East & North Africa  2,150  1,840  1,450  1,355 
East & Southeast Asia  2,220  1,880  1,500  1,400 
South Asia  2,110  1,790  1,425  1,330 
Latin America & Caribbean  2,220  1,870  1,485  1,385 
 
SOURCE.–Data for µy and µx are from FAO, The 6
th World Food Survey (Rome, 1996: 
Tables 1 and 16). 
NOTES.–a) The estimates in this column are derived as µy (1- 2CVy); b) The estimates in 
this column are from the FAO (cf. Table 1) and are derived as µx (1- 2CVx); c) The 
estimates in this column are derived as 0.90 µx (1- 2CVx).            30
 
TABLE 6 
ESTIMATED POU WITH ALTERNATIVE METHODS AND COMBINATIONS OF PARAMETER 
VALUES, BY MAJOR GEOGRAPHICAL REGIONS, IN 1990/92 
 
    Combination of Parameter Values 
 Parameters  FAO  Alternative 
 CVy  ≈ 0.30  0.25 0.20 
 CVx 0.075  0.125  0.15 
  µx
a)  1.00 0.90 0.90 
Region (1)  (2)  (3) 
 
A. Estimated POU with FAO method (per cent)
 b) 
Sub-Saharan Africa  43  14  9 
Near East & North Africa  17  2  1 
East & Southeast Asia  22  5  2 
South Asia  32  8  4 
Latin America & Caribbean  21  4  1 
 
B. Estimated POU with joint-probability method 
(per cent) 
b) 
Sub-Saharan Africa  57  42  38 
Near East & North Africa  23  7  3 
East & Southeast Asia  33  16  9 
South Asia  46  28  20 
Latin America & Caribbean  31  14  7 
 
SOURCE.–Author’s calculations as explained in the text and in the below notes.  
NOTES.–a) The number 0.90 on this row means that this parameter has been assigned a 
value 90 per cent of the FAO value; b) All estimates in this panel are derived on data for 
regional averages, as reported in Table 3, column 2 above.            31
 
TABLE 7 
CONTRASTING POU ESTIMATES WITH SHARES OF THE POPULATION BELOW ANTHROPO-
METRIC NORMS (PER CENT), BY MAJOR GEOGRAPHICAL REGIONS, EARLY 1990S 
 
  A. POU estimates  B. Anthropometric status 

















 (1)  (2)  (3)  (4) 
Sub-Saharan Africa   43  38  7  11 
Near East & North Africa   17  32  9  2 
East & Southeast Asia   22  33  5  16 
South Asia   32  60  17  52 
Latin America & Caribbean   21  23  3  6 
 
SOURCES.–The estimates in column (1) are taken from Table 6 above and derived 
on data for regional averages. The estimates in columns (2) and (3) are from the 
WHO, Global Data Base on Child Growth (Geneva, 2000) as replicated by the 
FAO, The 6th World Food Survey (1996: Table 21). The estimates in column (4) 
are mainly from ACC/SCN, Fourth Report on the World Nutrition Situation 
(Geneva, 2000: Table 1.8); and M. Nube, ”Confronting Dietary Energy Supply 
with Anthropometry in the Assessment of Undernutrition Prevalence at the Level 
of Countries,” World Development, 29 (2001). Both are based on data from 
Demographic and Health Surveys produced by Macroint (Washington D.C.: 
Macro International, 1999, /www.macroint.com/dhs/). 
NOTES.–a) Nationally representative estimates of the share of children with weight-for-
height and height-for-age below the norms are available for most countries in all the 
regions; b) Estimates of adult women with a BMI<18.5 are available for one country only 
in the Near East & North Africa (Egypt) and two countries in East & Southeast Asia 
(China and Indonesia), which is not enough to ensure acceptable representativity. The 
estimates for Sub-Saharan Africa, South Asia and Latin America & Caribbean cover 
most countries in respective region.            33
 
 
Appendix 1: End Tables 
 
 
END TABLE 1 
DERIVATION OF THE MINIMUM BODY WEIGHT AND PHYSICAL ACTIVITY LEVEL ALLOWED 
FOR BY THE FAO IN ESTIMATING CALORIE CUT-OFF POINTS WORLD-WIDE
a) 
 
  Males (m)  Females (f) 
 Aver.  Min.  CV  Aver.  Min.  CV 
  (1) (2) (3) (4) (5) (6) 
        
A.  Body Mass Index (BMI)  22.0  18.5  0.080  22.0  18.5  0.080 
 
B.  Daily Activities (PAL)           
1. Sleep 8 hours  1.00  1.00  0  1.00  1.00  0 
2. Low-active 8 hours
b) 1.40  1.40  0  1.40  1.40  0 
3. Work activity 8 hours
b) 3.00  2.53  0.078  2.83  2.57  0.046 
4. Average activity 24 
hours 
1.78 1.55  0.065  1.64 1.56  0.024 
 
SOURCE.–FAO, The 6
th World Food Survey (Rome, 1996: Table 1, p. 131) and author’s 
calculations (CVs and B. rows 2 and 3). 
NOTES.–a) By multiplying the BMR for each age and sex category by the PAL multiple, 
and aggregating, the FAO derives the estimated minimum calorie requirement (the CCOP); 
b) Details on rows 2 and 3 may differ slightly from the numbers actually used (but not 
published) by the FAO in deriving the numbers on row 4.            34
 
END TABLE 2 
ROBUSTNESS TEST OF ESTIMATED POU WITH THE JOINT-DISTRIBUTION METHOD AND 
ALTERNATIVE COMBINATIONS OF PARAMETER VALUES 
 
  Parameter  Combination of Parameter Values 
 CVy 0.30  0.25  0.25  0.20  0.20 
 CVx 0.075  0.125  0.15  0.125  0.15 
  µx
 a)  1.00 0.90  0.90  0.90  0.90 
Region   (1)  (2)  (3)  (4)  (5) 
 
                                                                  A. Estimated POU (per cent) for ρ = 0.50 
Sub-Saharan Africa  57  43  43  40  40 
Near East & North Africa  24  11  11  6  6 
East & Southeast Asia  34  20  20  14  15 
South Asia  46  31  30  25  26 
Latin America & Caribbean  32  18  17  12  12 
          
                                                                  B. Estimated POU (per cent) for ρ = 0.70 
Sub-Saharan Africa  57  42  42  38  38 
Near East & North Africa  23  7  7  3  3 
East & Southeast Asia  33  16  15  10  9 
South Asia  46  28  27  21  20 
Latin America & Caribbean  31  14  13  7  7 
 
                                                                  C. Estimated POU (per cent) for ρ = 0.90 
Sub-Saharan Africa  58  40  38  34  31 
Near East & North Africa  21  3  2  0  0 
East & Southeast Asia  31  11  8  3  2 
South Asia  45  23  20  13  10 
Latin America & Caribbean  29  8  6  2  1 
 
SOURCE.–Estimates in column (1) are from the FAO, The 6
th World Food Survey (Rome, 
1996); estimates in the other columns are derived as explained in text on the basis of 
equation (1) and data for regional averages (see Table 3 above).  
NOTE.–a) The number 0.90 on this row means that this parameter has been assigned a 
value which is 90 per cent of FAO value.            35
 
END TABLE 3 
ESTIMATED BMR IN INDIVIDUALS, BY SEX AND AGE 
 


























(1)  (2)  (3) (4)  (5) (6)  (7) (8) (9) 
 
0-1 67  8  57  460  65  7  57  400 
1-2 82  12  57  680  81  11  56  620 
2-3 94  14  57  800  91  13  57  740 
3-4 99  16  54  860  98  15  56  840 
4-5 106  18  50  900  106  17  52  880 
    Aver. m/f                   720 
5-6 113  20  48  960  112  19  49  930 
6-7 119  22  45  990  118  21  46  970 
7-8 124  24  43  1,030  124  23  44  1,010 
8-9 129  27  41  1,110  129  27  41  1,110 
9-10 135  30  39  1,170  135  30  39  1,170 
    Aver. m/f                1,045 
10-11 140  36  38  1,370  142  37  34  1,260 
11-12 147  40  35  1,400  148  41  32  1,310 
12-13 153  43  33  1,420  155  44  29  1,280 
13-14 160  47  31  1,460  159  47  28  1,320 
14-15 166  51  30  1,530  161  48  27  1,300 
    Aver. m/f                1,365 
15-16 171  54  29  1,570  162  49  26  1,270 
16-17 175  57  28  1,600  163  49  26  1,270 
17-19 177  58  28  1,620  164  50  26  1,300 
    Aver. m/f                1,450 
20-60 168  52  28  1,460  157  46  26  1,200 
    Aver. m/f                1,330 
> 60  166  51  23  1,170  155  45  24  1,080 
    Aver. m/f               1,125 
 
SOURCES.–BMR/kg data are from FAO/WHO/UNU, Energy and Protein Requirements 
(Technical Report Series, 724, WHO, Geneva, 1985), and height-for-age and weight data 
are from. L. S. Stephenson et al., A Comparison of Growth Standards (Monograph Series 
12, Cornell University, Ithaca, New York State, 1983) and H. W. Jürgens et al.,            36
 
International Data on Anthropometry, Occupational Safety and Health Series, 65 




Appendix 2: Abbreviations 
 
BMI = Body Mass Index 
BMR = Basal Metabolic Rate 
CCOP = Calorie Cut-off Point 
MPCCR = Minimum Per-capita Calorie Requirement 
PAL = Physical Activity Level 












y = δx 




Fig. 1 Joint distribution of per-capita calorie intake and minimum calorie 
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48 per cent and the share of obese women (BMI>30.0) is in the 8 to 13 per-cent range 
(ACC/SCN 2000, ibid.: Table 1.8). 
56.  While there are hardly any observations of the anthropometric status of male adults and old 
people of either sex, adolescents have been assessed in more than a dozen countries, mainly 
in Latin America (see FAO 1996, ibid.: Table 24; and ACC/SCN 2000, ibid.: Fig. 1.5). With 
one exception (stunting in India), these studies show adolescent males more frequently to be 
below the anthropometric norms in all the countries. This finding tentatively indicates that the 
conventional belief that women are the main victims of undernutrition (and poor health) may 
not stand up to closer scrutiny. 
57.  According to ILO estimates, the labour-market participation rates for women in Sub-Saharan 
African and Latin American countries are in the 50-70 per-cent range, while typically less 
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58.  For references, see n. 10 above. 
59.  The most striking discrepancy (in the unexpected direction) between the revised POU 
estimates and the anthropometric indicators is found for Sub-Saharan Africa (Table 7). This is 
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60.  It should be recalled that even if the aggregate food-supply-based approach for the estimation 
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see Figure 1), not for identifying specific undernourished households, signifying that the FAO 
approach is of no use for targeting interventions at the micro level. Moreover, since the 
household is the unit of assessment, the study of intra-household allocation of nutrients must 
rely on other methods (e.g. anthropometrics and/or household surveys).  
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